Several lines of evidence indicate that disturbances of the central serotonergic system are involved in the pathophysiology of alcohol dependence and suicidal behavior. Recent studies have indicated that a newly identified second isoform of the tryptophan hydroxylase gene (TPH2) is preferentially involved in the rate limiting synthesis of neuronal serotonin. Genetic variations in the TPH2 gene have been associated with an increased risk for major depression and suicidal behavior. We performed single SNP (single nucleotide polymorphism), linkage disequilibrium and haplotype studies on 353 alcohol-dependent patients of whom 102 individuals had a history of at least one suicide attempt and 305 healthy controls with 20 SNPs covering the entire gene region of TPH2. Neither single SNP-, nor haplotype analysis could detect significant associations with alcohol dependence and/or suicidal behavior among alcohol-dependent patients. One major haplotype block of strong linkage disequilibrium between introns 5 and 8 of the TPH2 gene has been found in alcoholics and controls, which is in concordance with recent reports. In conclusion, our results suggest that single SNPs, respectively, haplotypes of the TPH2 gene are unlikely to play a major role in the pathophysiology of alcohol dependence or the alcoholism-related phenotype suicidal behavior. Further analysis are needed to confirm these results.
INTRODUCTION
There is growing evidence that alcohol dependence is a multifactorial disorder probably caused by genetic and environmental factors, as well as their interactions (Dick and Foroud, 2003) . Despite a strong evidence for genetic effects, specific genes that modulate the risk for alcoholism, as well as for alcoholism-related phenotypes have still not been identified.
There is no doubt that the serotonergic system is involved in the regulation of alcohol preference and intake in humans and animals (Naranjo et al, 1986) . Several human studies have implicated alterations in the serotonergic neurotransmission in the etiology of alcoholism (Murphy, 1990; Virkkunen and Linnoila, 1997) , for instance lower levels of 5-hydroxy indole acetic acid (5-HIAA) in the cerebrospinal fluid of alcoholics have been reported (Banki, 1981) . Furthermore, pharmacological agents that increase serotonin (5-HT) also cause a reduction in alcohol self administration both in rats and humans (LeMarquand et al, 1994) .
Additionally, numerous genetic studies of serotonergic candidate genes for alcohol dependence and/or alcoholrelated phenotypes have been published, investigating mainly genes encoding the serotonin transporter (5-HTT) or serotonin receptors. While the role of the 5-HTT gene in the pathophysiology of alcohol dependence remains controversial, no evidence exists for an association between alcoholism-or alcoholism-related phenotypes with any of the 5-HT receptor genes (Dick and Foroud, 2003) .
In this context, a further interesting candidate gene is the recently new identified neuronal tryptophan hydroxylase 2 gene (TPH2), the rate limiting enzyme in the serotonin synthesis (Walther et al, 2003) . In a post-mortem study, we were recently able to demonstrate that TPH2 mRNA is also expressed in several regions of the human brain, as frontal cortex, thalamus, hippocampus, hypothalamus, amygdala, cerebellum and raphe nuclei but not in peripheral tissues such as heart, lung, kidney, duodenum, liver and adrenal gland in contrast to TPH1 (Zill et al, 2004b) . A comparative analysis of TPH1 and TPH2 demonstrated that the mRNA of both genes is expressed in each investigated brain region with variations between the brain areas, as well as between the particular genes. The major finding of this study was the detection of the highest TPH2 mRNA levels in the raphe nuclei (B4-fold more abundant than that of TPH1) (Zill et al, 2007) . These findings might implicate a duality of the serotonergic system with peripheral serotonergic effects determined by TPH1 and the CNS effects regulated by TPH2 including a partially uncoupling of behavioral effects from TPH1.
Additional support for an involvement of the TPH2 gene in behavioral traits can be derived from genetic studies. In a SNP-and haplotype association study between the TPH2 gene and major depression we have genotyped 10 SNPs between exon 5 and exon 7 in 300 depressed patients and 265 healthy controls and found significant association in both single SNP and haplotype analysis (Zill et al, 2004a) . This finding could later on be replicated by Harvey et al (2004) in a haplotype analysis with SNPs, overlapping the region of our study. Interestingly, a further association analysis of our own group using the same SNPs as described above with 263 individuals who committed suicide and 265 healthy controls provided also evidence for association with suicidal behavior (Zill et al, 2004c) .
Completed suicide, as well as suicide attempts are reported to be significantly increased in alcohol dependence (Preuss et al, 2002) . One of the most important risk factors for suicidal behavior is a comorbid diagnosis of an alcohol use disorder, which increases the risk for completed suicide up to 60-to 120-fold (Murphy and Wetzel, 1990) .
With regard to the repeatedly described comorbidity of suicidality-alcoholism and the abovementioned genetic findings in the serotonin-related disorders depression and suicidal behavior, the TPH2 gene represents not only an interesting candidate gene for alcohol dependence, but also for suicidal behavior among alcohol-dependent patients.
Therefore, the aim of the present study was to investigate a probable role of polymorphisms in the TPH2 gene in the etiology of alcohol dependence, as well as in suicide attempts in alcohol-dependent patients. We performed association and linkage disequilibrium studies on 353 alcohol-dependent patients including 102 individuals with at least one suicide attempt and 305 healthy controls with 20 SNPs covering the entire gene region of TPH2. To enhance the detection power of association, we compared also estimated haplotype frequencies deduced from genotype frequencies of the 20 SNPs.
To our knowledge this is the first study with the TPH2 gene in alcoholism and alcoholism-related phenotypes.
MATERIALS AND METHODS

Subjects
A total of 353 alcohol-dependent patients (274 male patients, 79 female patients) were recruited from the Addiction Treatment Ward of the Psychiatric Department of the Ludwig-Maximilians-University Munich. All patients had been admitted for the treatment of alcohol dependence, were unrelated, of German descent and older than 18 years. The patients met both, the ICD-10 and DSM-IV criteria of alcohol dependence assessed with a structured interview (SCID-II: structured clinical interview according to DSM IV, German version) (Wittchen et al, 1997) . The criteria of alcohol dependence, history of suicide attempts and depression were assessed using the SSAGA (Semi-Structured Interview for Assessment of Genetics in Alcoholism) (Bucholz et al, 1994; Hesselbrock et al, 1999) and by a comprehensive psychiatric examination.
The SSAGA provides items regarding the age of onset of first suicide attempts, the number of attempts and the method used. The attempts were classified according to violence of the method. Overdose due to alcohol or sedative intake was considered nonviolent; shooting, immolation drowning, cutting, jumping and hanging were considered violent suicide attempts. Further data, as history of major or minor depression, depressive episodes and first age of onset were also obtained using the SSAGA. Interrater reliability was not assessed in this study, since several manuscripts reported sufficient interrater reliability for the SCID II interview for several international versions of the SCID II (Zanarini et al, 2000; Maffei et al, 1997) , including the translated and validated German Version (Mestel et al, 2001) . As the full interview was conducted by experienced psychiatrists, the validity of the personality diagnoses should be even higher than by using the SCID II self-rating questionnaire alone.
For the SSAGA, an evaluation of the German Version was published several years ago (Keppel et al, 2001 ) and reported interrater reliabilities for alcohol and substance dependence of 0.85 (DSM-III-R) and 0.95 (ICD-10). For the American version which originates from 'The COGA-Study: Collaborative Study on Genetics in Alcoholism' (Edenberg and Foroud, 2006) , two previous articles were published investigating psychometric properties of this semi-structured interview (Bucholz et al, 1994; Hesselbrock et al, 1999) .
All patients were examined two weeks after admission, were free of any withdrawal symptoms and psychopharmacological treatment. Patients with current polysubstance abuse were excluded from the study. Past and present polysubstance abuse were assessed using the specific SSAGA module. The exclusion of all alcoholic patients with other concurrent axis-I disorders, as anxiety or depressive symptoms would decrease the power of the study significantly and limit its validity, since anxious and depressive symptoms occur in high rates among inpatient alcoholdependent patients. As the methodology of this study was compatible to the COGA-project, only subjects with current or previous bipolar, schizoaffective or schizophrenic psychosis were excluded. These disorders are significantly less frequent in alcoholics.
In all, 305 ethnically matched subjects of Caucasian origin from the general population in southern Germany (164 male patients, 141 female patients) served as control group. Control persons were recruited from the general population at different locations (eg, libraries, road construction sites, department stores) and represent a range of social classes from unskilled workers to university graduates.
A comprehensive medical and psychiatric assessment including the SSAGA, as well as personality questionnaires (MMPI, NEO-FFI, TCI) and a short structured clinical interview with a psychiatrist was carried out in all control
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All persons with any first-degree relative with a history of any axis I disorders (including alcohol dependence) were also excluded. Histories of psychiatric disorders in firstdegree relatives of patients and controls were assessed employing the FHAM (Family History Assessment Module) (Rice et al, 1995) , an instrument from the COGA-Study which was translated and back-translated by our research group. Demographic data of the alcohol-dependent patients and the control group are given in Table 1 .
The local ethical committee of the Ludwigs-MaximiliansUniversity of Munich approved the study protocol; patients and controls were included in the study after they gave written informed consent.
Genotyping
Genomic DNA was isolated from whole blood according to standard procedures. The human TPH2 gene is located on chromosome 12q15, comprises 11 exons and covers a region of B93 kbp. As the TPH2 gene is highly homologous to the TPH1 gene, especially in the coding regions (exons), we have only chosen intronic SNPs to avoid co-amplification of TPH1 gene sequences. 20 intronic SNPs, which cover the entire gene region were chosen from the public data base (http://www.ncbi.nlm.nih.gov/SNP/). Additionally the TPH2 specificity of the primers were tested by a BLAST search applying the ENSEMBL BLAST VIEW program (http://www.ensembl.org/Multi/blastview). Table 2 summarizes the investigated SNPs, their localization, distance and nucleotide exchange. We analyzed the same SNPs as described previously (Zill et al, 2004c) including 10 further SNPs to cover the entire gene region. SNPs were chosen according to reported allele frequencies in the database with an average distance between 5 and 10 kpbs to cover the relevant bins.
The 20 SNPs in the TPH2 gene were genotyped using the snapshot methodology (Applied Biosystems, Foster City, CA, USA). This is a commercially available mini sequencing method that relies upon the extension of a primer immediately adjacent to the SNP using fluorescently labeled dideoxy nucleotides. The fluorescently labeled extension primers can then be visualized by electrophoresis on an capillary PRISM 310 automated sequencer (Applied Biosystems). Turner et al (Turner et al, 2002) provides a good overview about this method. Detailed information on PCR primers and extension primer sequences as well as reaction PCR conditions can be obtained on request. Data were processed by using Genscan Analysis version 3.7 and Genotyper version 3.7 (Applied Biosystems).
All laboratory procedures were carried out blind to case control status.
Statistics
All genotyping results were tested for Hardy-Weinberg Equilibrium (HWE) applying the HWSIM computer program (http://krunch.med.yale.edu/hwsim).
Single SNP association analysis and calculation of pair wise linkage disequilibrium (LD) between the SNPs was performed with the computer program COCAPHASE 2.35 (http://www.hgmp.mrc.ac.uk) (Dudbridge, 2003) . We used D 0 to describe the magnitude of LD (Lewontin, 1988) . This package calculates likelihood ratio tests under a log-linear model of the probability that an allele belongs to the case rather than the control group, using a standard unconditional logistic regression. The global null hypothesis that all odds ratios are equal was tested by permutation. This method randomly reassigns the case and control labels in the actual data and gives a significance level corrected for all markers tested. Permutations (10 000) were performed in each permutation analysis. Estimation of haplotype frequencies was done with the computer program PHASE 2.1 (http://www.stat.washington.edu/stephens/software.html) (Stephens et al, 2001) . This program implements a Bayesian statistical method for reconstructing haplotypes from genotype data and has the advantage that the mean error rate is approximately half than obtained with the expectation maximization (EM) algorithm method. Statistical comparison of the haplotype frequencies was performed by w 2 -test applying the CLUMP computer program (http://linkage.rockefeller.edu/soft/ clump.html). CLUMP is a program designed to assess the significance of the departure of observed values in a contingency table from the expected values conditional on the marginal totals. The present implementation works on 2 Â N tables and was designed for use in genetic casecontrol association studies (Sham and Curtis, 1995) . In the case of a significant global test, individual haplotypes were tested for association by grouping all others together and applying a w 2 -test with 1 df. The significance level for all statistical tests was 0.05. We applied Bonferroni corrections for all multiple tests.
Power was estimated by the computer program GENETIC POWER CALCULATOR (http://statgen.iop.kcl.ac.uk/cgi-bin/ powercalc/cc2.cgi) (Purcell et al, 2003) .
Nucleotide Sequences
The SNP are named in the present study according to the ID numbers from the SNP database (http://www.ncbi. nlm.nih.gov/SNP/). Position of the SNPs were taken from the Genbank contig: accession number NT_029419 (http:// www.ncbi.nlm.nih.gov/) ( Table 2) .
RESULTS
We performed an association study with 20 SNPs covering B87 kbp of the entire gene region of TPH2 (93 kbp) in a sample of 353 alcohol-dependent patients which was composed of 102 patients with and 251 patients without a history of at least one suicide attempt and 305 healthy controls. We compared the total group of alcohol-dependent patients vs the controls, the suicide subgroups vs the control group and the alcohol-dependent patients with vs without a suicide attempt.
All SNPs were found to be in Hardy-Weinberg equilibrium in the cases and control samples.
Single Marker Association Analysis
The allele frequency distribution for each SNP is presented in Table 3 . We could not detect any significant differences in the allele frequencies between the four groups either by single w 2 -statistics, nor by global permutation tests. Similar results were also obtained for the comparison of the genotypes (data not shown). Power analysis showed that for the detection of a main effect for one of the 20 polymorphisms with a relative risk of 1.5, given the disorder related gene frequency of 0.15 and a test size of a ¼ 0.05, our sample of alcohol-dependent patients has a power of 90%. For the comparative analysis between the two subgroups of alcohol-dependent individuals with and without a history of suicide attempts considering the above-described conditions, we obtained a power of 80%. Therefore we had sufficient power to detect such an effect.
Inter Marker Linkage Disequilibrium
The standardized measure of linkage disequilibrium (LD) denoted as D 0 were calculated for all pairs of SNPs on both the total sample of alcohol-dependent patients and the controls. Tables 4 and 5 present these data. The LD pattern is fairly identical in both samples, and nearly completely homogeneous. Most of the SNPs were in tight and partially complete LD with each other. The LD analysis yielded one major block of strong linkage disequilibrium between SNP D (rs1386488) in intron 5 and SNP Q (rs1487278) in intron 8 in both samples.
Haplotype Analysis
Due to the strong LD between SNP D (rs1386488) and SNP Q (rs1487278) a 14-marker haplotype analysis was performed with all SNPs of this LD block across the TPH2 gene. Table 6 demonstrates the frequencies for the estimated 14-marker-haplotypes among controls, alcohol-dependent patients and the subgroups with and without a suicide attempt. Only haplotypes which occur with a frequency X0.01 in one of the four groups were considered. We observed three major haplotypes which account for 86% of all possible marker combinations in the total patient sample, respectively, 90% in the control sample. Comparable to the single SNP evaluation we could not detect any significant differences in the haplotype distribution comparing the four samples.
DISCUSSION
We performed an association study, applying SNP-, LDand haplotype analysis of the newly identified second tryptophan hydroxylase isoform (TPH2) gene in 353 patients suffering from alcohol dependence and 305 healthy controls. Owing to our previous findings about a significant single SNP-and haplotype association between polymorphisms in the TPH2 gene and completed suicide (Zill et al, 2004c) we included also alcohol-dependent patients with a history of at least one suicide attempt in the present study and analyzed them separately vs healthy controls and versus alcohol-dependent patients without a suicide attempt.
Single SNP analysis revealed no significant relationship, but given that the investigated SNPs are common in the general population and with regard to the heterogeneity of these disorders, it is probable that single SNPs do not represent the primary basis of the disease, but rather SNP combinations (haplotypes) should be considered. Using 14 SNPs within a strong haplotype block between the SNPs D (rs1386488) in intron 5 and Q (rs1487278) in intron 8 across the TPH2 gene we observed three major haplotypes, which account for 86% of all possible marker combinations in the total patient sample, respectively, 90% in the control (Lewontin, 1988) . D 0 has been shown to be reasonable robust towards differences in allele frequencies in contrast to D (Thompson et al, 1988) . The LD pattern of all the SNP combinations is fairly identical in both samples and shows the often observed block pattern in the genome, which can be explained by the existence of a Table 2 . b SNP ID number from the SNP database (http://www.ncbi.nlm.nih.gov/SNP/). c Non significant results for the statistical comparison between CON-ALC, CON-ALC with a suicide attempt, CON-ALC without a suicide attempt, ALC with a suicide attempt-ALC without a suicide attempt. The TPH2 gene in alcoholism P Zill et al few common haplotypes that account for most of the haplotype diversity (Gabriel et al, 2002) . The LD analysis yielded one major block of strong linkage disequilibrium between SNP D (rs1386488; intron 5) and SNP Q (rs1487278, intron 8) in the control sample, as well as in the total group of alcohol-dependent patients. Simulation studies have estimated the length of useful LD to be as low as 3 kb (Kruglyak, 1999) , whereas LD more than 60 kb from The TPH2 gene in alcoholism P Zill et al common alleles was observed in 19 randomly selected genomic regions (Reich et al, 2001 ). Therefore, we should have sufficient power in our haplotypes study. Moreover, our results are in concordance with previous findings by Zhou et al (2005) , who found comparable haplotype blocks between intron 5 and intron 8 in US and Finish whites, in African Americans and in southwestern American Indians and are consistent with our recent results in German depressive patients, suicide victims and healthy controls (Zill et al, 2004a, c) . Interestingly, we could not find any relation between SNPs or haplotypes of the TPH2 gene and the existence of suicidal behavior in alcohol-dependent patients. This hypothesis is inconsistent with our previous results about an association between specific SNPs and haplotypes of the TPH2 gene and completed suicide (Zill et al, 2004c) . This is not surprising if one considers that the definition of suicidal behavior is not as clear cut as desired for genetic studies. This may lead to spurious findings due to insufficient or illdefined phenotypes. It has been reported that a serotonergic dysfunction might have an increased magnitude in subjects who have attempted or completed suicide using violent means (Courtet et al, 2005) . Therefore, under the assumption that suicidal behavior is a complex disorder and susceptibility is determined by the action of several genes that interact with environmental factors it is likely that suicide attempts and completed suicide are rather different phenotypes concerning their genetic factors. Moreover, the phenotype definition of the present study 'at least one suicide attempt' might be too heterogeneous. In our sample of 102 alcohol-dependent patients with a suicide attempt, 43% tried to commit suicide in a nonviolent manner and 57% in a violent manner. Owing to the limited number of patients in these two subgroups, we were unfortunately not able to distinguish between the methods in the genetic analysis.
On the other hand also the diagnosis 'alcoholism' might be too unspecific for genetic studies. A determination of the type of alcohol dependence according to Babor in type A and B would be probably more indicated (Babor et al, 1992) . The Babor-classification has significant overlaps with the Cloninger-typology (Cloninger et al, 1988) and seems to be more suitable for clinical studies. This could already be demonstrated with the present sample (Bottlender et al, 2006) . Unfortunately, the present sample size is too small for a first classification according to the alcohol-dependence type and a further sub grouping into suicidal behavior groups. The resulting groups are not adequate for genetic studies.
To our knowledge up to now only the study by Zhou et al (2005) has investigated a probable association between alcoholism and TPH2 gene variants. Similar to our present results this group could not demonstrate a relation between single SNPs and haplotypes of the TPH2 gene and alcohol dependence neither in Finish nor in African-American populations.
A possible limitation of the present study is the fact that all case-control association studies have a risk of false positive or negative findings due to population stratification (Schulze and McMahon, 2002) , although the extent to which such stratification actually contributes to false negative findings is controversial (Cardon and Palmer, 2003) .
Further studies with so-called 'parent-child-trios' are needed to circumvent these problems and to confirm our results.
In summary, our results suggest that single SNPs, respectively haplotypes of the TPH2 gene are unlikely to play a major role in the pathophysiology of alcohol dependence or the alcoholism-related phenotype suicidal behavior. Numerous studies with polymorphisms in the TPH1 gene in alcohol dependence have tried to link genetic variants to this disease, but the results remain inconclusive (Parsian and Cloninger, 2001; Fehr et al, 2001; Koller et al, 2005; Nielsen et al, 1998; Anghelescu et al, 2005) . Therefore, possible interactions between TPH1 and TPH2 should also be considered as modulating mechanisms in the pathogenesis of alcohol-dependence and alcohol-related phenotypes. Moreover the involvement of recently published functional polymorphisms (Brown et al, 2005; Zhang et al, 2005) in the TPH2 require further studies to confirm the present results.
